Five Egyptian parental genotypes of Faba bean were used for carrying out half diallel design to study heterosis and nature of gene action for earliness, vegetative, yield and yield components traits. Mean squares of genotypes were found to be highly significant for all studied traits. The results showed that the majority of crosses exhibited significant heterosis estimates for better parent for all studied traits. General combining ability (GCA) and specific combining ability (SCA) mean squares were highly significant for all studied traits. The results indicated that the magnitude of additive genetic variance (σ 2 A) were positive and lower than those of non additive (σ 2 D) one for all the studied traits, indicating that non additive gene action played a major role in the inheritance of different traits under study. The broad sense heritability estimates (H 2 b %) were more than their corresponding narrow sense heritability (H 2 n %) for all studied traits. However, estimates of narrow sense heritability were 34.2 and 14.8% for earliness traits and ranged from 15.2 to 29.8% for number of branches per plant and plant height, respectively. Respecting to yield components, the estimates of narrow sense heritability ranged from 8.8 to 70.9% for number of pod per plant and weight of 100 seed (g), respectively. The results showed that the two cultivar, Giza 843 (P 4 ) and Misr 2 (P1) was good general combiner for earliness, yield and yield components, respectively. The cross (P 1 xP 5 ) showed desirable SCA effects and significant heterosis values for earliness, and yield components. While, the two crosses, (P 1 xP 3 ) and (P 3 xP 4 ) exhibited desirable SCA effects for vegetative traits. These promising crosses could be used for breeding programs to produce pure lines.
In this respect, different sizes of heterotic effects were obtained by many authors for economic traits in faba bean and desirable heterotic values over better parent for earliness, vegetable and yield components traits (Bond, 1964; Waly, 1982; Mitkees and Hassan, 1983; Kitiki and Demir, 1984; Mahmoud et al., 1984; Waly and Abdel-Aal, 1986; Mahmoud and Al-Ayobi, 1987; Ebmyer, 1988; EIMorsy, 1990; Kaul and Vaid, 1996; Melchinger, 1996; El Hosary et al., 1997; Stelling, 1997; EI-Hady et al., 1998; Schill et al., 1998; Yamani, 1998; Abdelmula et al., 1999; Suso and Moreno, 1999; Bashoot, 2000; Abdalla et al., 2001; Attia et al., 2002; Zeid, 2003; Ahmed and Kambal, 2005; Darwish et al., 2005; Attia and Salem, 2006; ElHady et al., 2006 ElHady et al., , 2007 Kunkaew et al., 2006; Tantawy et al., 2007; Alghamdi, 2009; Ibrahim, 2010) .
Furthermore the roles of general combining ability (GCA) and specific combining ability (SCA) in the inheritance of faba bean were studied by several authors (Kaul and Vaid, 1996; El-Keredy et al., 1999; El-Refaey et al., 1999; Attia and Morsy, 2001; Salama and Salem, 2001; Attia et al., 2002; Attia and Salem, 2006; Ibrahim, 2010) . GCA values were obtained for number of branches per plant, number of pods per plant, maturity time and 100-seed weight. While, significant SCA value was only noted for yield components. Alghamdi (2009) noticed that the estimates of GCA were larger than those of SCA for all the studied traits except for seed yield per plant, reflecting the importance of additive gene action in the expression of these traits. Moreover, Tantawy et al. (2007) found that the estimates of GCA and SCA were significant for earliness and yield components, suggesting the importance of additive and non-additive gene action in the inheritance of these traits.
The objective of the present study was to study heterosis and the types of gene action controlling the inheritance of earliness and economical traits of faba bean.
MATERIALS AND METHODS
This study was carried out during the two growing seasons of 2009/2010 and 2010/2011 in the Research Farm of the Faculty of Agriculture, Sohag University. Where, the soil is reclaimed with top layer (25 cm) of clay-loam. Five different local faba bean cultivars, Misr 2 (P1), Giza 429 (P2), Misr 1 (P3), Giza 843 (P4) and Giza 40 (P5) (V. faba L.) representing a wide range of variability in their agronomic traits, were used in this study. In the winter season of 2009/2010, the seeds of all parents were sawn on 15 October under greenhouse Cage and crossed in a half diallel mating design to produce 10 F1 hybrids.
In 2010/2011 season, the five parental genotypes and their crosses (10 F1 hybrids) were sawn in a randomized complete block design with three replicates. Each experimental plot consisted of three ridges of 4 m length and 60 cm width. Hills were spaced 20 cm with two plants per hill.
At harvest, ten guarded plants were randomly sampled from each plot to measure the following traits: earliness, days to the 50% flowering (D50% F) and days to the 50% maturity (D50% M), vegetative traits, Plant height cm (PH), number of branches per plant (No. B/P) and pod setting percentage (PS%) which were estimated as number of pods that set/number of flowers that anthesized and yield traits, number of pods per plant (No. p/p), 100-seed weight (100SW). While the two traits, shellout percentage (Sh%) which were estimated as weight of dry seeds per plant/weight of dry pods per plant × 100, pod filling percentage (PF%) estimated as number of seeds per pod/pod length × 100, and total dry seed yield kg/ha (TDSY) and protein content percentage (PC%). Data were subjected to analysis of variance in order to test the significance of the differences according to Cochran and Cox (1957) .
Statistical analysis
Data were subjected to regular analysis of RCBD on plot mean basis to test genotype variances following statistical model, considering cultivar as fixed effects:
Where: Yij = Observation of ith treatment in the jth block (i,j= 1, 2, …., p); µ = general mean; gi = effect of the ith cultivar as one parent; gj = effect of the jth cultivar as second parent; eijk = experimental error. The heterotic effects of F1 crosses were estimated (as better parent) according to Singh and Khanna (1975) .
Estimates of heritability in both broad and narrow sense were calculated according to the following equations:
Sums of squares for genotypes was partitioned according to Griffing`s (1956) as method 2 model 1 (all possible combinations excluding reciprocals) into sources of variation due to GCA and SCA. The variances of GCA (σ 2 g) and SCA (σ 2 s) were obtained on the basis of the expected mean squares for all studied straits. Additive (σ 2 A) and non-additive (σ 2 D) genetic variances were estimated according to Matzinger and Kempthorne (1956) .
RESULTS AND DISCUSSION

Genotypic variations
The analyses of variance for all studied traits showed that highly significant differences among faba bean genotypes for all studied traits (Table 1 ). This provides evidence for the presence of considerable amount of genetic variation among the studied genotypes. These results are in harmony with those obtained by Waly (1982) 
Heterotic effects
Estimates of heterosis better parent for all studied traits are presented in Table 2 . In this direction, six crosses significantly flowered and/or matured earlier than their better parent with negative heterosis values ranging from (Duc, 1997; Stelling, 1997; Schill et al., 1998; Abdelmula et al., 1999; Bond and Crofton, 1999; Filippetti et al., 1999; Abdalla et al., 2001; Attia et al., 2002; Zeid, 2003; Ahmed and Kambal 2005; Darwish et al., 2005; Attia and Salem, 2006 ; El- Kunkaew et al., 2006; El-Hady et al., 2007; Gasim and Link, 2007; Tantawy et al., 2007; Ghaouti and Link, 2008; Link et al., 2008; Alghamdi, 2009; Ibrahim, 2010) .
Combining ability analysis
Mean squares of general and specific combining ability for all studied traits are presented in Table  3 . The results showed that mean squares of general combining ability (GCA) and specific combining ability (SCA) were highly significant for all studied traits. These results indicated that both GCA and SCA were important in the inheritance of these traits. However, the variance due to GCA was more pronounced for days to 50% flowering, days to 50% maturity, plant height, shellout percentage, pod filling percentage and weight of 100 seeds consider as a result of additive gene action. Meanwhile, variance due to SCA as an indicator of non-additive gene action, was greater for number of branches per plant, pod setting percentage, total dry seed yield, number of pod per plant and protein content percentage These findings is in agreement with those reported by Kaul and Vaid (1996) , El-Keredy et al. (1999) , ElRefaey et al. (1999) , Attia and Morsy (2001) , Salama and Salem (2001) , Algamdi (2009) and Ibrhim (2010) .
GCA effects (gi)
Estimate of general combining ability effects (gi) of each parent for all studied traits were presented in Table 4 . Results showed that Misr 2 (P 1 ) was the best general combiner for plant height, total dry seed yield, number of pods per plant and 100-seed weight. While, Giza 429 (P 2 ) was the best general combiner for maturity time and Misr 1 (P 3 ) was good general combiner for plant height, shellout percentage, pod filling percentage and 100-seed weight. Meanwhile, Giza 843 (P 4 ) was good general combiner for days to 50 % flowering, days to 50 % maturity, shellout percentage and pod filling percentage. However, Giza 40 (P 5 ) was good general combiner for protein content percentage. Consequently, Misr 2 (P 1 ) and Giza 843 (P 4 ) which exhibited useful general combining ability effects could be utilized in breeding programs to improve earliness and yield components and Giza 40 (P 5 ) for protein content percentage. 
SCA effects (S ij )
Estimated specific combining ability effects (S ij ) shown in Table 5 revealed that the cross combination (P 1 xP 5 ), resulting from poor x poor general combiners, showed desirable negative significant SCA effects for earliness. As well as cross combination (P 2 xP 3 ) and (P 4 xP 5 ), resulting from crossing (good x poor) general combiners, showed desirable negative significant SCA effects for earliness. While for vegetative traits, five crosses exhibited positive SCA effects for plant height and number of branches per plant and only three crosses for pod sitting percentage. Concerning yield and yield components six, seven and five out of the ten hybrids were the best yielding crosses for total dry seed yield, number of pod per plant, shellout percentage and pod filling percentage, respectively. It could be noted that the promising crosses which showed desirable SCA effects exhibited high heterosis values for studied traits. These promising crosses could be used for faba bean hybrids. The results also revealed that GCA effects, for some traits, were related to several SCA values of their corresponding crosses, where the two parents P 3 and P 4 , which exhibited significant and positive GCA effects for shellout percentage and pod filling percentage, produced crosses had positive and highly significant SCA effects for both traits. This may indicate, in such combinations, that additive and non-additive genetic systems present in the crosses are acting in the same direction to maximize the characters in view (Abdalla et al., 1999) . These results are in agreement with Abdalla et al. (2001) , Attia et al. (2002) , Zeid (3003), Darwish et al. (2005) , Attia and Salem (2006 ), El-Hady et al. (2006 , 2007 , Algamdi (2009) and Ibrhim (2010) . They found that the best combinations as judged from SCA effects involved high x low combiners and the combinations involving the two best combiners did not exhibit SCA effects.
Gene action
Estimates of all types of gene action for all studied traits are presented in Table 6 . The results indicated that the magnitude of additive genetic variance (σ 1/2 which was higher than one, indicating that non additive gene action played a major role in the inheritance of these studied traits. Similar findings were reported by El-Hady et al. (1998) , Salama and Salem (2001) , Toker (2009) and Ibrahim (2010) . The additive and dominance components of genetic variance is very important in evaluating the potential of any heterotic response inbreeding depression not only reduces auto fertility and hence yield in the absence of pollinators, but also reduces yield through the loss of heterosis.
Estimates of heritability
The results in Table 6 showed that broad sense heritability estimates (H 2 b %) were higher than their corresponding of narrow sense heritability (H 2 n %). The estimates of narrow sense heritability were 34.20 and 14.8% for earliness traits. For vegetative traits, the estimates of narrow sense heritability ranged from 15.2 to 29.8% for number of branches per plant and plant height, respectively. Respecting to yield and yield components, the estimates of narrow sense heritability ranged from 8.8 to 70.9% for number of pod per plant and 100-seed weight, respectively. These findings may indicated that the possibility of increasing seed yield through selection for 100-seed weight and considered as one of important yield component. Heterosis, expressed as increase in vigor of the F1 hybrid over the better parent results from the combined action and interaction of allelic and interallelic genes. Similar findings were reported by Salama and Salem (2001) , Toker (2009) and Ibrahim (2010) .
Conclusion
From the data presented in this study, it could be concluded that the cross combination (P1xP5), (P2xP3), and (P4xP5) showed desirable SCA effects and significant heterosis values for most studied traits. This finding reflects the presence of considerable heterosis values, suggested that non additive gene effects played the major role in the inheritance of these traits. These promising crosses could be used for developing faba bean hybrids. The present study reveals that several combinations of crosses are highly promising to breeding faba bean cultivars for earliness and high yielding potential.
